I . The nutrient content of battery, deep litter and free range eggs from domestic hens under systems of management typical of those used in the commercial production of eggs was studied from January to hclarch 1968.
The management of the laying hen has undergone widespread changes with increasingly greater emphasis being placed on intensive management systems. The essential features of such systems, which are designed to improve the efficiency of egg production, are the maintenance of the birds indoors, where for the whole of their adult life their environment, food and activities are closely controlled. In the battery system the birds are kept in the confined space of a cage, whereas in the deep litter system flocks of birds are kept on the floor in pens and so have more freedom of action but little choice of environment or food. On the contemporary free range system, the birds are provided with a formulated ration, but in addition have free access to grass. Changes in the proportions of birds kept under these systems between 1956 and 1971 are shown in Table I A benefit of these changes has been that the real price of eggs has decreased and egg consumption has increased. Information obtained by the National Food Survey showed that between 1956 and 1971 average egg consumption in all households increased by 4'6 % to 4-55 eggs per person per week. Eggs make a useful contribution to the daily intake of vitamin D, retinol, riboflavin, iron and protein in the average household diet (Ministry of Agriculture, Fisheries and Food : National Food Survey Committee, 1973) , and for the elderly they can be a particularly important source of some essential nutrients such as protein, iron and vitamin D (Exton-Smith & Stanton, 1965) . The extent to which the iron in eggs is absorbed is dependent on the other components of the meal; it has been shown, for example, that the addition of orange juice increases absorption (Callender, 1971 ).
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I t is, however, a popular view that eggs produced by modern intensive farming methods are nutritionally inferior or less wholesome than those produced by traditional methods. Major differcnces in the composition of eggs produced by different management systems are not to be expected since egg production would cease before this occurred. Nevertheless, egg composition may be influenced by a number of factors such as age and breed of bird, and diet, and many of these effects are well documented (Cruiclrshank, 1940- Arroyave, Scrimshaw & Tandon, 1957; Marion, Nordskog, Tolman & Forsythe, 1963) . There is, however, little published information on thc comparative composition of eggs obtained under different systems of management Krieg, 1961 Krieg, , 1963 Jones, 1968) .
In view of this, and because of the widespread public interest in the effects of modern farming methods, the investigations described in this paper were undertaken. By analysing samples of battery, deep litter and free range eggs from birds under systems of management typical of those used in the commercial production of eggs in this country, we have attempted to obtain values which are broadly representative of the eggs obtained by the consumer. The main investigation was spread over a period of 15 months from January 1967 to March 1968, the samples being supplied on a monthly basis from six centres in different areas of the United Kingdom. Thus it was planned that some additional information on seasonal variation and variation in egg cornposition between centres would be obtained.
Apart from the prime interest in the chemical composition of eggs, another important aspect is the effect of management systems on the physical charactcristics of eggs. This is of special significance to the food industry since egg is used in a large number of food products and the physical properties of eggs are major factors in determining the . -Sept. 1967; Q4, 0ct.-Dec. 1967; Qs, Jan.- quality of the product. Measurements were therefore made of the physical characteristics of eggs produced under different management systems; the results of these investigations will be reported elsewhere.
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Sources of eggs
It would have been desirable to obtain eggs from commercial producers, but this proved to be impossible in practice because of the difficulties in controlling such an experiment. It was arranged, therefore, for eggs to be obtained from farms attached to agricultural institutes and colleges where laying flocks were maintained under commercial conditions.
The co-operating centres and details of the sampling periods, the management systems and the breeds of bird used at each centre are shown in 
2543
The experimental design was largely dictated beforehand by the facilities available and the prevailing general management conditions at each centre. Thus all six centres provided battery eggs, four centres deep litter eggs and three centres free range eggs; no control could be exercised over the rations and breeds used at each centre. At centres A, H and L, breeds differed between management systems.
Method of feeding
Since ration formulation is a major influence on egg composition, the calculated composition of the rations used at each centre is shown in Table 3 . The diets which were the normal laying rations used at each centre were home-mixed and there was some variation in composition between centres, especially with regard to vitamin content. At any particular centre, the birds kept under each management system were given the same ration and the formulations were unchanged throughout the experiment. No drugs were used routinely in the rations.
Sampling procedure
Eggs were sampled at monthly intervals. Ninety eggs for each system at each centre were taken randomly at the beginning of each month and packed according to normal commercial practice into egg boxes. T h e boxes were all stored together in one place (at I Z .~" ) for about 2 weeks in conditions which approximated to those used by the British Egg Marketing Board, the storage time being based on their advice as to the average age of eggs when purchased by the consumer. After storage a dozen eggs were removed for determination of physical properties, and approximately thirty eggs were dispatched to the laboratory of the Government Chemist for chemical analysis.
Centrcs A, S and Y provided eggs throughout and H, L and T for only the first three quarters of the experiment. On a few occasions some of the centres did not provide a sample.
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Preliminary treatment and storage of samples From each monthly sample, consisting usually of thirty eggs, the contents of eighteen were weighed, homogenized by stirring and then freeze-dried to reduce the moisture content to a low level. The freeze-dried material was weighed, ground, and stored at -1 5~. At quarterly intervals bulked samples representing eggs of the different systems of husbandry at each centre were prepared by mixing the monthly samples on the basis of equal weights of liquid egg. The bulked samples were then stored at -IS", until required for nutrient analysis. Preliminary studies showed that the procedure described had a negligible effect on the concentration of the nutrients examined.
Analytical methods
Moisture. This was calculated from the loss in weight on freeze-drying and the moisture content of the freeze-dried solids, determined by drying 2 g at 100' for 4 h.
Nitrogen. Total nitrogen was determined by the Kjeldahl method of the Association of Official Analytical Chemists (1970) , except that the distillate was collected in boric acid. Protein is expressed as nitrogen x 6.25. 
Sterols (cholesterol).
The sterols were precipitated as digitonides from the hydrolysed sample, filtered, dried and weighed.
Ash. Samples of 5 g were ashed at 550". The residue was treated with two 5 ml portions of diluted hydrochloric acid (I + I), evaporated to dryness after each addition and finally taken up in 5 ml dilute hydrochloric acid. Sodium and potassium were determined in the solution by flame photometry; calcium by oxalate precipitation and permanganate titration; iron by the method of the Association of Official Analytical Chemists (1970). Lactobacillus plantarum as test organism (Barton-Wright, 1961) and pantothenic acid by microbiological assay with Lactobacillusplantarum as test organism (Bird, 1963 (Skeggs, 1963) . T o measure tocopherols the samples were saponified and the unsaponifiable matter was extracted with diethyl ether ; tocopherols were separated from retinol, carotenoids and cholesterol on an alumina column and then determined spectrophotometrically by the method of Tsen (1961) . Retinol was separated from the unsaponifiable matter by partition chromatography on Sephadex LH 20 and then determined by ultraviolet spectrometry.
Statistical analysis
The design of the study made the statistical analysis complex because : (I) it was nonorthogonal, since not all systems of management were represented at each centre; (2) results were received from only three centres for the whole period; (3) for egg components which were determined monthly (i.e. moisture, fat, nitrogen, riboflavin, folic acid, vitamin BIZ, tocopherols and cholesterol), corrections for missing values were made by interpolation, but it is impossible to determine what effect this has on bulked samples.
First, all observations werc convcrted from a 'dry weight' to an 'egg as eaten' basis (excluding shell), using the appropriate moisture contents. Tu~o sets of calculations were made: (I) for all centres for the first three quarters and (2) for centres A, S and Y for all five quarters, and the results of the two were combined. The general means and means for each system, each centre and each quarter were extracted by the method of least squares with an iterative procedure to estimate missing values (Davies, 1956 ). System and centre means were expressed on an 'annual' basis to remove any seasonal effects due to the use of results for five quarters. Non-orthogonal analysis of variance was used to test the significance of the various effects (Davies, 1956) and differences between systems (or between centres or quarters) were examined by the 'multiple comparison' method (Scheffe, 1953). As it is thought that significance levels may have been overstated, only differences that were significant at the I yo level (P < 0.01) are called 'significant' in the following presentation of the results. In particular, it was not possible to calculate the statistical significance of system-by-centre interactions, and those mentioned here are empirically large rather than formally significant.
R E S U L T S
Effects of management systems
The results for all nutrients examined, in eggs from each system of management, are presented in Table 4 , except for fatty acids and amino acids; the number of samples analysed is shown in Table 5 . It can be seen that for most nutrients no significant differences between systems were detected. For the mineral constituents, only small differences in calcium and iron content were observed. Larger differences between systems were found with respect to the contents of some vitamins. Thus free range eggs contained 50 yo more folk acid (Streptococcus faecalis assay) and folic acid (Lactobacillus casei assay) than battery eggs. However, for folic acid (Streptococcus faecalis assay), very large system-by-quarter and system-bycentre interactions were evident and some of the difference may therefore be a reflection of seasonal variations and other factors, The greatest differences were observed in the vitamin B,, contents; the highest level of 29,uglkg was found in free range eggs and the lowest of 17 ,ug/kg in battery eggs. The tocopherol content of deep litter eggs was significantly greater than that in free range and battery eggs, which did not differ statistically, but again a large system-by-centre interaction was evident. Small differences were found in the average retinol contents of eggs from each system of management, but they were not significant. It is known that the amounts of biologically active carotenoids in eggs are fairly small (Grimbleby & Black, 1952 ) and they were not estimated in this study. For cholesterol content there were no significant general effects but the differences between systems varied considerably from centre to centre.
Effects of season
Variations in the composition of eggs over the year were found in the contents of some vitamins. Differences were evident for riboflavin, folic acid (Lactobacillus casei assay) and vitamin B12. The results for these nutrients are shown in Table 6 , in which means for quarters that did not differ significantly from each other have been averaged. Differences appearing in this table are therefore statistically significant.
T h e general tendency is for the concentrations of these three vitamins to be greater in the second half of the year. The highest, 5.5 mg riboflavin/kg egg, was obtained in the last quarter of the year, with concentrations of 4.7 mg in the second and third quarters and 4-3 mg in the first quarter. For folic acid (Lactobacillus casei assay) and vitamin B,, the highest concentrations were found in the fourth and third quarters respectively. The results for retinol showed a significant difference between the first and fifth quarters (January-March 1967 and 1968).
Effects of source of supply The variations in the composition of eggs supplied by different centres were greater than those caused by system of management or season. The number of nutrients showing significant differences between centres was greater than the number showing significant differences between quarters. Differences between centres were often greater than differences between systems. T h e results for those nutrients which showed some significant differences are given in Table 7 , in which means for centres that did not differ significantly from each other have been averaged. Differences appearing in this table are, therefore, statistically significant.
The major differences, with the exception of iron, were found only in the vitamin contents. For iron the mean for centres H, L and A was 19 mg/kg, which was significantly lower than the 21 mg found for centres Y, S and T.
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T h e mean thiamin content of eggs from centres H, S and T was significantly greater than for centres Y, L and A, the respective means being I mg and 0.8 mg/kg. For pantothenic acid the eggs from centres H and A contained 14 mg/kg compared with 20 mg for the other centres. The concentrations of folic acid and vitamin B,, again showed the greatest variation. In terms of folic acid (Streptococcus faecalis assay), the concentration for centre Y was three times as great as that for centres A and S; the concentrations for H, L andTweremore than twice those for the latter centres. Asimilar but less pronounced pattern was observed for folic acid (Lactobacillus casei assay) : the concentration for centre Y was 450 pg/kg and for centre S 180 pg/kg ; for the other centres it averaged 320 ,ug/kg. The concentration of vitamin B,, in eggs from centres Y and S was 29 pglkg, which was significantly greater than that of 23 pg/kg for H, L and T ; the lowest value of 16 ,ug/kg was obtained for centre A.
The tocopherol concentration was some 50 % greater for centre H (19.0 mg/kg) than for centre Y (12 mg/kg). Concentrations at the other centres were between these values, about 16 mg/kg. For retinol, means for centres H, S and T (1300 pg/kg) were significantly less than the means for centres Y and A (1500 pg/kg).
Fatty acid composition of egg lipids
There was no significant difference in the fat content of eggs produced by battery, deep litter and free range systems of management, the general mean being 109 g fat/kg egg. Similarly there were no significant differences between systems, quarters or centres of production in the proportions of total fatty acids present as triglycerides or phospholipids in whole egg after freeze-drying. Based on the analyses of fifty-five samples, the general mean proportions of total fatty acids present in egg were 69 % as triglycerides and 3 I 7; as phospholipids. Small variations between systems were detected in the proportion of different fatty acids present in the triglyceride fraction. However, none of these differences was statistically significant ( P < 0.01) and there were no significant differences in the essential fatty acid content of the triglyceride and phospholipid fractions that could be attributed to the time of year or source of eggs. The proportions of different fatty acids in each fraction are shown in Table 8 .
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Amino acid composition of egg protein T h e mean amino acid compositions of the bulked samples of eggs from each system of management are given in Table 9 .
D I S C U S S I O N
Systems of management
The main finding of this survey was that there was very little difference in the chemical composition of eggs obtained from free range, deep litter and battery hens. As shown in Table 4 , major differences were found only with respect to folic acid and vitamin B,,, and small but statistically significant variations were found in calcium, iron and tocopherol Concentrations. I n the majority of the published reports on the composition of eggs from hens kept under different systems of management (Coppock, Daniels, Gresham & Howard, 1962; Chen, Common, Nicolaiczuk & Macrae, 1965 ) the birds were fed on experimental diets rather than 'normal' commercial rations, which makes comparisons with this survey difficult. Nevertheless, where the information is comparable it is generally in agreement with our findings.
Krieg (1963) reported that iron concentrations were significantly higher in battery eggs (9.2 g/kg) than in deep litter (8.1 g/kg) and free range eggs (7.6 g/kg), although the general levels for all systems were very much higher than in the present survey. The increased iron concentrations in battery eggs may possibly arise from the ingestion of iron from parts of cages, feed troughs and water troughs. There are no direct comparisons in the literature of the calcium content of eggs from different management systems.
T h e findings of higher concentrations of vitamin B,, in the free range and deep litter eggs may possibly have resulted from an increased amount of this vitamin having been available for absorption from two sources: microbial synthesis within the birds themselves and also from litter or, for the free range birds, from the herbage and soil.
Popov & SevEenko (1961) reported that the mean amount of vitamin B,, in the litter over a period of months was 425.0 ,ug/kg and the mean vitamin B,, concentrations in the livers of birds kept on litter was almost twice that of those in cages, although there was no difference in the amounts of vitamin B,, in the egg yolks. A similar explanation might apply to the differences found in the folic acid contents of eggs from the different management systems. There is no apparent reason for the slightly higher tocopherol concentrations in deep litter eggs. Although the main effects of systems as a whole on the cholesterol content of eggs were not significantly different, there were some differences at individual centres. However, it is known that a number of factors may affect the cholesterol content of eggs, such as age of bird (Jones, 1969) , dietary cholesterol and fat (Hulett, Davies & Couch, 1964) and breed of bird (Edwards, Driggers, Dean & Carmon, 1960) , and therefore it is not inconceivable that differences would be found in this experiment because of the variety of breeds and ages of birds and feeds used. T h e mean cholesterol values found in this study are slightly lower than those selected by Watt & Merrill T h e absence of significant differences in the fatty acid composition of the eggs is (1963). supported by , who in two experiments could find no differences in the fatty acid composition of free range, battery or deep litter eggs. Some conflicting observations made by Sinclair (1961) can perhaps be attributed to the interpretation of the term 'free range' as synonymous with 'farmyard hen'.
The fatty acid composition of both triglycerides and phospholipids shown in Table 8 agrees closely with the results of Marion, Woodroof & Cook (1965) and other published results. It appears that the fatty acid composition of eggs is a fairly stable component which may only be altered by major changes in the unsaturated fatty acid content of the diet.
The amino acid composition of egg protein did not appear to be affected by the management system. T h e results agree reasonably well with other published values (Block& Weiss, 1956; Karapetjan & Mikaeljan, 1959; McCance & Widdowson, 1960; FAO, 1970) .
Season of the year There was a general upward trend over the year in egg riboflavin concentrations, which may have been related possibly to the age structure of the flocks. The trends in folate and vitamin B,, concentrations tended to be more erratic. It might be postulated that the intake of these vitamins over the year may vary because of the large number of factors involved. Thus microbial synthesis of these vitamins in the gut, litter, herbage and soil organic matter may be subject to a wide range of influences, all of which may effectively alter in an irregular manner the amount available for absorption. The absence of seasonal effects for many constituents must in large measure be due to the uniformity of modern laying rations, which provide a fairly steady intake of practically all the required nutrients to the laying hen over the year.
Location
The greatest amount of variation in cgg composition was found to occur between centres. This finding is not surprising in view of the differences in breeds, feeds, age of bird, and management factors at different centres.
In terms of thiamin content of eggs, Howes & Hutt (1956) observed differences between breeds. Arroyavc et aE. (1957) reported breed differences in egg composition with respect to thiamin, retinol and iron. Environmental temperature has been observed by Smith, Wilson & Brown (1954) It is clear that it would be of little value to attempt to interpret the locational effects found in this survey in terms of the factors mentioned, but it may suffice to emphasize that such variation must be commonplace, and the effects of feeding, breed and environment at different farms are probably responsible for much of the variation in the composition of eggs available to the consumer. System of management and seasonal effects probably play a relatively insignificant part. 1969).
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Although the detailed information from a survey of this nature may to some extent be of limited value because of the lack of 'control' over many of the variables involved, the survey as a whole is in another sense of greater value than a more precise experiment in that it provides information on the composition of eggs as purchased by the consumer. For instance, much of the information in food composition tables relating to the vitamin content of eggs has been collated from a variety of studies of which many were more concerned with egg composition in relation to nutrition, breed or environment of the laying hen than with the composition of eggs sold to the consumer. Furthermore, many of the values are based on information obtained some years ago. Since then egg production techniques have changed considerably, and new methods of analysis which have greater precision and reliability are now available. Table I I . The higher concentration of riboflavin in the battery (and deep litter and free range) eggs found in this study was probably due to the present practice of fortifying poultry rations with riboflavin, which was not done in the 1950s.
Percentage
Another major difference is in the folate content. This has arisen from recent improvements in analytical techniques. Since many naturally occurring folates are extremely labile, large losses can occur during extraction and assay unless protected from oxidation by ascorbate (Hurdle, Barton & Searles, 1968) . Early assays were made without ascorbate and therefore values tended to be low. , 4 recent FAOjWHO (1970) report has indicated that the folate content of food should be assessed in terms of the 'free' folate present. 'Free' folate is defined as the folate content available to Lactobacillus casei with ascorbate and without pretreatment with conjugase. Streptococcus faecalis responds to a smaller number of naturally occurring folic acid derivatives than Lactobacillus casei and so ghes lower values in folic acid assays than those obtained with Lactobacillus casei.
Nutritional signijicance of the remits
We have attempted to interpret the nutritional significance of these results by examining the extent to which the differences in composition discussed in this paper might affect the nutrient contribution of an egg to the recommended daily intakes of nutrients for different types of person as set out by the Department of Health and Social Security (1969) . This is illustrated in Table 11 . Recommendations have not been made in this country for folic acid, tocopherols or vitamin Bl,; comparison has therefore been made with the (US) National Research Council: Food and Nutrition Board (1968) recommendations for these nutrients.
Eggs are good sources of vitamin B,, and folic acid and it is of importance that these two vitamins showed the greatest variation between management systems. Vitamin B,, occurs only in foods of animal origin and is not therefore freely available to vegetarians, and folk acid is reported to be particularly well absorbed from egg yolk (Hurdle et al. 1968) . Estimates of the average daily intake of vitamin B,, in the diet can only be tentative, but dietary deficiency of this vitamin is exceedingly rare in this country.
Differences in egg composition due to management systems are of little nutritional significance in the context of a good mixed diet in this country. It can, however, be seen that the differences would be measurable for some nutrients, particularly vitamin B,, and folic acid, in the diets of some individuals.
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